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Supernova
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Neutron Star Merge
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radius, wind speed

Neutrino in SNe
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Oscillations in Dense Media

(O +V-V)p=—iH, p| £

mass matrix ] electron density
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neutrino energy
v-v forward scattering

(self-coupling)
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Oscillations in Dense Media
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/D Problem

. Coherent forward
e /- scattering outside neutrino
sphere

p(t;r, 0, 0; E. 0, )



Bulb Moaqgel

Azimuthal symmetry around
any radial direction

p(r; E,0)




Bulb Moaqgel

HD, Fuller, Carlson, Qian (2006)
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Fast Oscillations

e “Slow” oscillations occur on the distance scale
of 1 km (~10 MeV / dmam?).

e "lFast” oscillations can occur on the distance
scale of 1 cm (~Gr ny), iIndependent of the
neutrino energies (Sawyer, 2016).

 Requires crossed electron lepton number
(ELN) distribution (Dasgupta et al, 2016).




ELN Crossing

G = (fvo = fo.) = (fu. = fo.)




ELN Crossing

11.2 Mo, top=200ms, 3D v transport (post-proc.)

Abbar, HD, Sumiyoshi,
Takiwaki & Volpe (2018)

Fast oscillation growth rate dominates the collision rate
(Capozzi et al, 2018)



Growing Perturbation
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summary

* Flavor oscillation waves can propagate through
the dense neutrino gases in core-collapse
supernovae (SNe) and binary neutron mergers.

e "Fast” oscillations can occur on very short
distance scales where ELN crossing occurs.
(Need SN simulation inputs).

* Redistribution and transportation of ELN can have
ramifications in SN physics (dynamics,
nucleosynthesis, signals, ... ).




